Objective: The aim of the study was to identify the ethnic differences in dietary patterns and its association with socio-economic, dietary and lifestyle practices among adolescents in Kelantan, Malaysia. Methods: A population-based study of 454 adolescents aged 12 to 19 years was included. A validated food frequency questionnaire was used to assess dietary patterns and three dietary patterns were identified based on the principal component analysis method. Results: Malay adolescents had significantly higher scores for the Western-based food pattern and local-based food pattern, whereas Chinese adolescents showed higher scores for the healthy-based food pattern. Multivariate analyses show that age and physical activity (PA) levels were positively associated with healthy-based food pattern in Malay (All, p < 0.001), whereas higher consumption of eating-out from home (EatOut) (p = 0.014) and fast food (p = 0.041) were negatively associated. High weekly breakfast skipping (p < 0.001) and EatOut (p = 0.003) were positively associated with a Western-based pattern, whereas age (p < 0.001) and household income (p = 0.005) were negatively associated. Higher frequency of daily snacking (p = 0.013) was positively associated with local-based food pattern. For Chinese adolescents, age (p < 0.001), PA levels (p < 0.001) and maternal education level (p = 0.035) showed positive associations with the healthy-based pattern, whereas high EatOut (p = 0.001) and fast food intakes (p = 0.001) were negatively associated. Higher weekly consumption of EatOut (p = 0.007), fast food (p = 0.023) and carbonated beverages (p = 0.023), and daily snacking practice (p = 0.004) were positively associated with higher Western-based food pattern, whereas age (p = 0.004) was inversely associated. Conclusion: This study showed that there were significant differences in dietary patterns and its association factors between Malay and Chinese adolescents. More importantly, these findings suggest that unhealthy dietary and lifestyle practices could increase the risk of adherence to unhealthy Western-based food pattern that is high in fat, sugar and salt contents, and, consequently, increase the risk of developing obesity and metabolic-related disorders during these critical years of growth.
Introduction
Habitual unhealthy eating and inactive lifestyle practices during childhood and adolescence can increase the risk of obesity, cardiovascular diseases, type 2 diabetes and various types of cancers in young people and also in later adult life [1] . Moreover, unhealthy dietary practices acquired in childhood may persist into adulthood [2] . This suggests that unhealthy dietary and lifestyle practices during the years of growth have significant implications for the health of individuals throughout life. Therefore, establishing healthy and balanced dietary practices in children and adolescents will ultimately be an important public health strategy to promote optimal nutritional status as well as in diminishing the risks of non-communicable diseases.
Although the impact of single nutrients and/or individual foods on health and disease risks have been extensively studied, the usefulness of this approach has often been questioned for understanding, at the population level, the complex interactions between diet and chronic disease development. This is partly due to the fact that people do not eat individual nutrients, rather they consume meals containing a variety of foods with complex combinations of nutrients that could act synergistically to influence the risk of chronic diseases [3, 4] . The complexities of various diets make it difficult to consider the role of individual foods or nutrients in isolation. Hence, examining and understanding the relationships between diet and health status and/or chronic disease risks in populations over a lifetime, should take into account the complex interactions between nutrients and/or different food groups [3] , using statistical analyses such as the principal component analysis (PCA) to define food patterns [5] . This is a data-driven modelling method to identify the foods that are frequently consumed. All food items were aggregated into factor-based food groups based on the degree to which the amount consumed is correlated with one another, after taking into account the substantial variation in diet composition between individuals [3] .
Food consumption patterns are also influenced by a multitude of factors such as socio-demographic status, dietary behaviours and lifestyle practices [6, 7] . Few studies that have examined the association between all these factors on food patterns among children and adolescents and they tend to report that a healthy food pattern, characterised by high intake of fruit, vegetables, and dairy products, is positively associated with higher socio-economic status (SES) and educational status [6] [7] [8] , and was inversely associated with unhealthy lifestyle behaviours such as smoking, excessive alcohol consumption and low physical activity [6] [7] [8] [9] . Most of these studies were carried-out with Caucasian children and adolescents, with only a few dealing with Asian children [10, 11] . Two studies of Asian adolescents only focused on SES [10] and the contribution of food patterns on nutritional profiles [11] . In contrast, there is limited evidence between dietary behaviours and food patterns in Asian children. Understanding interrelationships of these socio-economic, dietary and lifestyle-related factors on dietary food patterns in children and adolescents is important because eating habits developed during early life could be a significant influence on lifelong eating behaviours. Healthy eating habits will ultimately improve nutritional well-being and consequently will diminish the risk of obesity and other metabolic-related disorders later in life. Moreover, identification of these modifiable dietary and lifestyle factors in relation to dietary patterns among adolescents would also help in devising cost-effective healthy nutrition intervention programs, targeting high-risk adolescents with unhealthy eating practices during their critical years of growth. Thus, the aim of the present study was to identify food patterns in adolescents aged 12 to 19 years and also to examine whether socio-economic characteristics, dietary and lifestyle behavioural practice factors on these food patterns after taking into account other known potential confounding factors. A secondary objective was to compare between Malay and Chinese because of the differences in their habitual food patterns consumed by these major ethnic groups in Malaysia.
Materials and Methods

Participants and Setting
This present population-based study was conducted among apparently healthy adolescents of Malay and Chinese origins aged 12 to 19 years in the Kelantan, Malaysia. The sample size of these participants was determined based on the primary outcome of bone health assessments [12] . Participants were recruited based on several community approaches namely, through advertisements, school and community announcements, and peer-to-peer referral in community areas. Eligible participants were selected if they were healthy and physically active, and having no clinical signs of bone-related disorder that could potentially prevent them from being physically active. Two girls were excluded from the final analysis due to missing data. In total, 454 adolescents comprising 236 Malay and 218 Chinese adolescents were included.
Ethical Approval
The present study was approved by the Research Human Ethics Committee of Universiti Sains Malaysia (USM). Written informed consent was obtained from both participants and parents or guardians prior to the study.
Assessments of General Characteristics, Socio-Economic Status and Dietary Behaviours
Details of the methodology protocols of this study have been published elsewhere [13, 14] . In brief, a pre-piloted self-administered questionnaire was used to assess general characteristics, socio-economic and demographical characteristics, and dietary behaviours of the participants. Socio-economic status such as the parental occupation and educational status, and household income were collected. Dietary behaviour such as daily breakfast consumption, snacking practices, eating-out from home practice, consumption of carbonated and sweetened beverages, and use of nutritional supplements was also assessed. Detailed information on the frequency, types and amount taken were also gathered for these dietary behaviours.
Assessments of Lifestyle Physical Activity (PA) and Screen-Based Sedentary (SSR) Practices
A validated self-administered computer-based-PA questionnaire (cPAQ) was used to assess the type, frequency and intensity of PA practiced by participants in the preceding year. Details of the validity and reproducibility of this cPAQ have been described elsewhere [15] . In brief, the cPAQ was used to collect frequency (h/day) of school-based, leisure-based and household-based activities. Information on participation in organized sports either in school or in leisure time was also gathered. A screen-based sedentary practice was estimated by total daily duration spent on screen-based activities. Participants were asked for detailed information on the time they spent each week in viewing television, playing video games and using computers and/or the Internet, both on local school days and weekend days.
Dietary Intake Assessment
A validated semi-qualitative past one-year food frequency questionnaire (FFQ) was used to assess dietary intake [16] . In brief, the FFQ of 124 food items that were categorised into 15 food groups namely, rice and noodle dishes, cereal and wheat-based food, meat and poultry, seafood and shellfish, milk and dairy products, eggs, nuts and legumes, tuber, vegetables, fruits, local deserts "kuih-muih", fast food, snack foods, spread and sauce, and beverages. Participants were asked to recall the foods consumed over the past one-year, using a comprehensive range of food photos and common household measures, to help quantify food items, with the assistance of trained interviewers. Detailed information on frequency and portion size usually served for each food item was obtained. Completed FFQs were then re-checked by a trained nutritionist for completeness and accuracy.
Statistical Analysis
The food patterns analysis approach has been widely used in epidemiological population-based studies to investigate the role of food consumption pattern on health and/or disease outcome risks [3] . In the present study, food patterns were obtained using the principal component analysis (PCA), which was based on daily intake of each food item collected from the FFQ. Several food items were categorized into a new food groups, especially those food items that have similarity or almost similar in terms of the food characteristic and/or function in order to reduce the complexity of the data and also because there is recommendation that for each variable entering factor analysis, the investigators must have 10 participants [17] . Therefore, for the 454 participants, the 44 new food groups or food items (Table 1) were included in the PCA to identify food patterns. Exploratory factor analysis approach was carried-out to help to summarise and refine large datasets containing several variables, simultaneously into a small number of orthogonal variables to be then labelled as a "pattern", in which this analysis approach showed to be considerably valid and highly correlated as compared to absolute nutrient levels calculated from the FFQ [18] . The reliability of factor analysis was assessed through the Kaiser-Meyer-Olkin test (KMO) measurement of sample adequacy and the Bartlett test of sphericity, whereby the values of the KMO test of >0.6 and the Bartlett's test of sphericity of <0.05 were used to assess sampling adequacy and inter-correlations of variables [19] , followed by exploratory factor analysis. This was applied to 44 food groups to determine the principle factors/components of the maximum fraction of variance explained by each food group. A graphical method of the Scree plot was then used to determine the number of factors with an eigenvalue of >1.25 and varimax rotation was applied to review the correlations between variables and factors. Food patterns were labelled according to the food groups or food items that had the greatest influence on the respective factor loadings. Foods with a loading greater than or equal to 0.30 on a factor were used to describe the dietary patterns, as suggested by most studies on dietary pattern analyses [6, 20] . Factor scores were calculated by multiplying factor loadings with the corresponding standardised value of each food and summing across the food items. Each participant received an individual factor score to indicate the extent to which his/her diet conformed to the respective food patterns. A high factor score for a given pattern indicated a high intake of the foods constituting that food pattern, whereas a low score indicated low intake of those foods. These food patterns were then used as outcome variables to determine their association to socioeconomic status, dietary behaviours and lifestyle practices among these adolescents.
All of the variables were tested for normality by the Kolmogorov-Smirnov test and test of homogeneity of variance before any statistical comparisons were made. Descriptive statistics were reported as mean values ± SD for numerical variables and frequency and percentage for categorical variables, unless otherwise indicated. An independent t-test was used to assess the differences between ethnic groups for continuous variables, whereas the Chi-square test was used for categorical variables. Ethnicity-specific multiple linear regression analysis with a stepwise elimination method was used to determine the associations of socio-economic profile, dietary behaviours and lifestyle practices among these adolescents, after taking into account other known potential confounders such as gender and age. Where appropriate, interactions between dietary and lifestyle factors and food patterns were also tested. Data analyses were performed using the SPSS for windows version 20.0 (SPSS Inc., Chicago, IL, USA). A p value < 0.05 was considered to be significant. Table 2 shows the general characteristics of socio-economic status, dietary and lifestyle behaviours of the participants. The mean age of adolescents was 15.3 ± 1.90 years. Most of their parents had obtained educational levels up to secondary school. Ethnicity comparisons of the participants showed no significant difference in household income status between Malay and Chinese adolescents. In contrast, Chinese adolescents were from significantly smaller household sizes compared to their Malay counterparts (p < 0.001). There were significant differences reported in dietary practices such as weekly frequency of breakfast skipping (p < 0.001), eating-out from home (p = 0.03) and use of nutritional supplements (p < 0.001) between Malay and Chinese participants, in which almost half of the Malay adolescents (44%) were reported to have skipped breakfast at least once a week compared to only 21% of the Chinese adolescents. In contrast, Chinese adolescents had higher use of nutritional supplements per week than that of the Malays (36% vs. 15% per week). In terms of lifestyle practices, there was no difference found in physical activity levels between Malay and Chinese, but Chinese adolescents had significantly higher total screen-based SSR levels in a week (p = 0.02) compared to the Malay participants. Three food patterns were identified by the PCA and labelled as Western-based, healthy-based and local-based food pattern, based on the factor loading extracted from each food item and/or food group (Table 3) . The pattern labelled Western-based had higher loading factors for food items/groups that were characterised by high intakes of animal-based and processed foods, which were high in fat, salt and sugars. A local-based food pattern was identified based on higher factor loading of several common habitual foods consumed in these populations such as white rice, condensed sweetened milk, tea, seasoning fish sauce "budu", banana fritter and white bread. On the other hand, food items with higher loading factors such as fruit, vegetables, dairy products, nut and cereal-based foods were identified and labelled as a healthy-based food pattern. These three food patterns explained approximately 26.2% of the total variations in total food intake with approximately 12.5%, 7.7% and 6.0% attributed to the Western-based, healthy-based and local-based food patterns, respectively.
Results
Comparisons of these food patterns across ethnicity showed that Malay adolescents had significantly higher scores for the Western-based food pattern (p < 0.001) and local-based food pattern (p < 0.001) compared to the Chinese participants (Table 4 ). In contrast, Chinese adolescents showed higher scores for the healthy-based food pattern than the Malay adolescents (p = 0.039). Table 5 shows the predictors of SES, dietary behaviours and lifestyle practice factors on food patterns in stepwise multiple regression analyses. There was some similarity in terms of dietary and lifestyle factors related to these food patterns among Malay and Chinese adolescents. For the healthy-based food pattern, age (p < 0.001) and total physical activity levels (p < 0.001) showed significantly and positively associated with healthy-based pattern in Malay adolescents, after full adjustments for socio-demographic and economic status, dietary and lifestyle factors. In contrast, weekly consumption of eating-out from home (p = 0.014) and fast food intakes (p = 0.041) were negatively associated with healthy-based food pattern. All of these factors explained about 15% of total variation in this healthy-based food pattern. Similar observations were found for Chinese adolescents, where age (p < 0.001), total physical activity levels (p < 0.001) and maternal educational status (p = 0.035) showed significantly and positively associations with this healthy-based food pattern, whereas weekly consumption of eating-out (p = 0.001) and fast food intake (p = 0.001) were negatively associated with healthy-based food patterns. All these factors explained about 29% of the total variance of this healthy-based food pattern model.
In the Western-based food patterns, higher frequency of weekly breakfast skipping (p < 0.001) and eating-out from home (p = 0.003) emerged as significantly and positively associated with this diet patterns, whereas age (p < 0.001) and household income levels (p = 0.005) were negatively associated with the Western-based food pattern in Malay adolescents. In addition, there were several dietary practices such as weekly frequency of fast food (p = 0.023), carbonated sweetened beverages (p = 0.023), eating-out from home (p = 0.007), and daily snacking practice (p = 0.004) that were found to be significantly associated with the Western-based food pattern in Chinese participants, whereas age (p = 0.004) was a significant negative association with this Western-based food pattern.
For the local-based food pattern that is often referred to as the "traditional-based" food pattern, the frequency of daily snacking intakes (p = 0.013) showed a significant positive association with local-based food pattern in Malay adolescents. In addition, higher frequency of eating-out from home (p = 0.003), fast food intakes (p = 0.021) and daily snacking intakes (p = 0.009) were shown to be positive associations with this local-based food pattern among Chinese adolescents, after full adjustments for age, gender, socio-economic status, dietary and lifestyle factors. A weekly use of nutritional supplement (p = 0.027) was a negatively and significantly associated with the local-based food pattern. In terms of general characteristics and socio-economic status, older adolescents showed greater adherence to the healthy-based food pattern, whereas being a younger participant was significantly associated with higher Western-based food pattern. Moreover, higher maternal educational status of the participants was significantly associated with closer adherence to a healthy-based food pattern in Chinese adolescents, whereas lower household income level was significantly associated with higher Western-based food pattern among Malay participants. 
Discussion
The present study sought to identify dietary patterns of Malay and Chinese adolescents aged between 12 and 19 years in Malaysia, in which three major dietary food patterns have been identified by the PCA and labelled as healthy-based, Western-based and local-based food patterns. These food patterns showed some similarities with the food patterns analyses from other studies carried-out with children and adolescents from elsewhere [21] [22] [23] . The Western-based food pattern in our present study is comparable with several Western-based patterns reported in adolescents from Australia [21] , Germany [22] and Korea [23] , whereas the healthy-based food pattern identified in this study, characterised by high intakes of fruit, vegetables, dairy products, nut and cereal-based foods, shows some comparability in terms of the description of food groups present in their "healthy" patterns [21, 22] . This is the first study that has examined the associations between socio-economic, dietary and lifestyle factors on food patterns in children and adolescents, particularly in adolescents from different ethnic backgrounds in Asia. Interestingly, there was a significant ethnic difference in these food patterns found among these adolescents. Numerous population-based studies have shown that marked differences across ethnic groups on the risks of non-communicable diseases [24, 25] , but very few studies so far have investigated the ethnic differences in dietary patterns among adolescents in Asian populations, including in Malaysia. Interestingly, the present findings show that there was a significant variation in these dietary patterns consumed by adolescents of these major ethnic groups, in which Chinese adolescents had higher intake of healthy-based food pattern than that of the Malay participants. In contrast, the Western-based and local-based dietary patterns were most common among Malay adolescents and may constitute a dietary pattern descriptive of local and traditional dietary habits. This ethnic difference in dietary patterns may possibly be a reflection of differences in socio-cultural in relation to food preferences.
Moreover, the present findings also indicate that habitual eating and lifestyle behaviour practices were significantly linked to food patterns among these adolescents. A healthy-based food pattern, positively associated with higher physical activity levels, and some dietary behaviours such as less frequent out-of-home eating and fast food intake, shows that both healthy eating and active lifestyle habits are important determinant factors of healthy-based food patterns in these adolescents. On the contrary, unhealthy dietary behavioural practices such as a high frequency of breakfast skipping, and high frequency of eating-out from home in a week, and intakes of fast foods, carbonated sweetened beverages and snacking in a day were significantly and positively associated with greater adherence to the "Western-based" food pattern among these adolescents. These findings are consistent with several studies of adolescents of comparable age from other countries [9, 11, 22, 26] . In a study of Korean adolescents, those with high intakes of bread, noodles, cookies and pizza/hamburgers were more likely to consume more fast foods, fried foods and carbonated beverages as well as having a high frequency of eating-out from home [11] . Similarly, a study of Caucasian adolescents also found that high frequency of daily snacking and weekly eating of meals in fast food restaurants were positively asscoiated with higher soft drink intakes [26] . Higher consumption of snacking in a day was also reported to be positively associated with a higher "junk food" pattern, characterised by greater amounts of processed food and snack foods that were high in fat, salt and sugar by children at four years of age in the United Kingdom [27] . It was also found that daily snacking practice was associated with a high score of "traditional diet" pattern in these children [27] . This finding in that study is comparable with the present study where a local-based food pattern for usual or common types of food consumed by adolescents in Malaysia was positively associated with daily snacking practice, which is another novel finding of the present study.
Active lifestyle practices such as higher level of daily physical activity was significantly associated with greater adherence to the healthy-based food pattern in these adolescents. This finding is comparable to results from several other studies conducted among Caucasian children and adolescents [22, 28, 29] . Higher participation in physical activity levels had significant and positive associations with higher consumption of a Mediterranean diet pattern among Balearic Islands adolescents [28] . Similarly, in a study of Dutch adolescents aged 12 to 16 years, a positive association was reported between physical activity levels and healthy eating pattern, after taking into account other dietary and lifestyle factors [29] . Another study with German adolescents found that high level of physical activity was significantly associated with greater adherence towards the healthy food pattern in boys, whereas sedentary practices such as long periods of television viewing was positively associated with greater prevalence of a Western-based food pattern in girls [22] . However, in Scottish children aged 5 to 17 years, there was no such consistent association was found between physical activity levels and food patterns assessed [7] . However, greater time viewing television was negatively associated with the healthy-based food patterns among both boys and girls, and a positive association was found only with a pattern of high intakes of "puddings" and unhealthy "snacks" in girls [7] . We were unable to find any significant association between screen-based sedentary practices, as assessed by total duration of daily screen-based activity, and any of the food patterns assessed. This may be due to less variability in duration of sedentary practices among the adolescents in the present study.
Older adolescents had higher adherence with the healthy-based food pattern, whereas younger participants were significantly associated with higher consumption of the Western-based food pattern. These findings are consistent with numerous other studies carried-out among European adolescents [8, 30] . Aranceta and colleagues reported that a higher proportion of older adolescents had adequate intakes of fruit, while the "snacky" pattern was positively associated with adolescents of a younger age [8] . A similar observation was also reported with adolescents from the Balearik Islands where a greater adherence to the "Western" pattern was found in younger adolescents compared to their older peers [30] . However, Australian adolescents with a higher intake of healthy food was more likely seen at a younger age [31] . One possible explanation for our findings could be that older adolescents have greater autonomy over their food intake and progressively start to make their own choice of food [32] . It could possibly also reflects the fact that older adolescents are more concerned about their body image [33] , which might also explained the reason for choosing healthy food found in our present study.
The relationships between food patterns and various socio-economic indicators among children and adolescents are mixed. Some studies [7, 8, 34] , but not others [11, 31] , have indicated that children from lower socio-economic status may be at higher risk of unhealthy food practices. In the present study, Malay adolescents with lower household income were associated with greater adherence to the Western-based dietary pattern. This finding is in accordance with a study of adolescents in Australia where low socioeconomic status was positively associated with the Western-based food pattern [34] . In contrast, Chinese adolescents whose mothers had higher levels of education had significantly greater adherence to the healthy-based food patterns [7] . Apart from a positive association between high maternal educational status and healthy-based food pattern found in the present study, there are several other reports that adolescents whose mothers had lower educational levels had significantly higher intakes of salty, fat and sugary food [7, 8, 35] . For instance, Ambrosini and her-colleagues reported that lower maternal educational status emerged as an important independent predictor of an unhealthy diet pattern that was high in energy-dense, high fat, low fibre foods among adolescents followed-up for seven years [35] . All of these results underline the prominent role of mothers in shaping their children's dietary food habits in early life. Another interesting finding was observed for the local-based food pattern among Malay adolescents, in which only snacking practice was significantly associated with this local-based food patterns with a total variance of 2% compared to their Chinese counterparts. Other dietary and lifestyle factors were not associated with this food pattern in Malay participants. This result is consistent with the fact that local-based food pattern is mainly derived from Malay culture. This showed that socio-culture may also play an important role in determining the food preference. Hence, large population studies warrant further investigations on how the socio-cultural factors affect food preferences and food choices that could consequently influence the nutritional well-being among adolescents from diverse ethnicity groups in Malaysia.
Some limitations should be acknowledged in this present study. Firstly, factor analysis, as a statistical technique, requires some arbitrary decisions and subjective interpretation of factors. However, dietary patterns identified using factor analysis has been shown to be a reliable dietary assessment tool [17, 36] . Furthermore, this statistical technique was considered to be suitable for behavioural research because it manages to capture combinations of nutrients and foods [37] . Secondly, there are limitations in using a FFQ related to individual measurement errors. However, the FFQ remains one of the most practical methods for epidemiological dietary studies. Furthermore, comparing the results of PCA using FFQ and weighed dietary records have found the resulting patterns to be similar [18] . Thirdly, the total variance attributed to these three dietary patterns in the present study was about 26.2%; the low variance could possibly be suggested the potential existence of other patterns [38] . On the other hand, our findings are comparable with several previous epidemiologic studies on dietary patterns in adolescents of comparable age in other countries [30, 31] . Lastly, because of the cross-sectional design of this study, causality effects for associations between dietary patterns and socio-demographic, dietary and lifestyle factors in these adolescents cannot be established. Nevertheless, there are some strengths of this study that also need to be highlighted. It investigated a range of habitual dietary and lifestyle practices such as daily breakfast consumption, snacking practices, eating-out from home practices, consumption of carbonated and sweetened beverages, the use of nutritional supplements, physical activity and SSR, and, to our knowledge, this is the first study that has conducted such a comprehensive investigation. In addition, a large sample size with a wide ages and ethnicity were strengths of this study.
Conclusions
These findings suggest that unhealthy dietary behaviours and lifestyle practices by adolescents could increase the risk of perpetuating an unhealthy Western-style food pattern, characterised by high intake of animal-based and processed foods with a consequent increase in the risk of developing obesity and metabolic-related disorders. On the other hand, healthy dietary behaviours such as lower consumption of eating-out from home and fast food and more active lifestyle practices such as high levels of physical activity are important determinants of healthy-based food patterns in these adolescents. These findings indicate the importance that any intervention programs aiming to promote the consumption of healthy balanced diets in growing adolescents take into account the differences in dietary behaviours and lifestyle practices of adolescents across different ethnic groups when designing promotional strategies. Future research requires further investigation of the negative consequences of these food patterns on health outcomes among growing adolescents during these critical periods of growth.
